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Introduction 


e The analysis of radio systems in traffic scenes are problems of extremely electrically large 
dimensions and also with electrically small important features. 


e Need to study the radio systems for traffic security, V2V communication and automatic 


driving systems 
e Approaches to study the EM fields in traffic scenarios: 


GTD/UTD wa 
PO 


Analysis of the Doppler 
A shift. 


GTD-PO 
MoM 





Analysis of real real scenarios (considering 
dielectric materials and rouh pavements) 


e Analyses performed with newFASANT 


Puerto Rico, June 2016 AP-S/URSI 2016 






INTA Sake 
CIN 


AO A OS Af 
PRADO 
if 


A 
f ON 






sm 
a! 
ay) 
QO 
| 
< 
(D) 
mo 








TNA 
M KA 
| Wy 
N YYY 


E) | 
E A A 
> o TAN, 










TP 
ES PA 
A NE ESA 
| À x PA A 
| 





Vi 


y \ W f 


TA TAM 
AN, AD INS 





Y, 


e 


WA) 


A 


CLARA ss 
SACOS 
ERY 








accurate representation 


Geometrical model 
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e Several hundred NURBS for representing a 


/FASANT 
e Geometrical model used 


* Important role 


e NURBS 
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Geometrical model of a car 
composed by 417 NURBS 
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e Typical analysis: 
e All surfaces approximated by perfect conductors 
© Realistic model: 


e Cars modeleld by perfect conductors, glasses, rubber, etc 


e Pedestrians and urban furnitures 


e Houses composed by several Ñ ' 
materials EB 

& a 
e Pavenment that can be rough E asse 





Urban traffic scenario 
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e GID/UTD 


e More efficient in terms of CPU-time and computer memory 


e Premises: 


Smooths surfaces 
Surfaces enough large to contain several Fresnel zones 
No concave surfaces. 


Hot points (reflection/diffraction) shall be enough spaced, at least one Fresnell 
Zone 


Details and features of the geometry non electrically small 
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e GID/UTD 


e Direct ray, reflected rays, diffracted rays and transmitted rays shall be 


considered. 
e Multiple iterations (bounces) between different parts of the object 
e Multiple iterations between the object and the ground 


e Avery efficient ray tracing shall be use. We have considered a ray-tracing 


based on the AZB + SVP + A*Heuristic search 
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e PO 
e PO, PTD can be used in these cases in which GTD fails. PO is not as efficient as GTD 
because PO requires the evaluation of surface integrals (PO integrals) 


e PO integrals for flat surfaces are computed efficiently using the Gordon's expression. 


e For curved surfaces the SPM method could be used for fast computation of the PO 
integrals. However the SPM is quite unstable and many times is preferable to mesh the 
curve surface onto a set of flat surfaces and apply Gordon's expression to them 
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Simulation approaches tals 


e PO 


e Both GTD and PO can be apply for the analysis of complex surfaces composed by 
multilayer media, FSS, multilayer media with imbibed FSS, etc. 


e Inthese cases the GTD or PO reflection-transmission coefficients shall by multiplied by 
the Fresnel coefficient or equivalent Fresnell coefficients 
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e GTD-PO-MoM 


Hybrid GTD-PO solution 
e Increase the accuracy for the cases in which GTD fails 


e The surfaces are classified in two different groups: 
e GTD: surfaces that satisfy the GTD premises 
e PO: surfaces that not satisfy GTD premises but satisfy PO 
e MoM for antennas and surfaces that not satisfy GTD and PO 


e Advantages: 


e more accurate than GTD and GTD-PO 


e analysis of complex real scenarios 
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e Different classification of the scenario surfaces: 


Considering the frequency and the distance between the surfaces of the geometry and the source: 
e Surface to be analyzed by GTD: in red 


Surfaces to be analyzed by PO: in blue 


Nodes: 20770 
Surfaces: 6320 


CLASSIFY 
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Freq=77 GHz, radar at 30 m 
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Different classification of the scenario surfaces: 
Surface to be analyzed by GTD: in red 
Surfaces to be analyzed by PO: in blue 











Freq=79 GHz, radar in a car 
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e MoM 


e Rigorous technique 


e Improvements to increase its efficiency: MLFMM, Characteristic Basis 
Function Method and Domain Decomposition 


e The best solution for obtaining equivalent model of antennas 


e Disadvantages: 


e MoM cannot be applied to frequencies higher than a few GHz for model 
a car, house, etc. 


+ Very complex: 
- Interactions with not flat ground 


- Interactions between cars 
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Current in antenna element 5 mn 


























Current in the array elements 
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Far Field Radiation Pattern of the antenna array de Alcalá 
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Three cuts (theta constant) of the Radiation Pattern. 
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Geometry | Near Field 3D x 
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The array is located in the front of the car 
(green point). The array is modelled by its 
multipole expansion in order to have good 
accuracy in the near field 





Geometry | Near Field 3D x | Geometry | Near Field 3D x | Near Field 3D x | Near Field 3D x 














Electric Field dBV /m Incidence 
— Total i v 
Magnitude 


(e) dis O nat 
-3.8359 


Component 


-11,1055 O Ey 


(8) ETotal 


-18.3751 Filtering Range 











Enable Filtering 





Max: 


-25.6446 Min: 


-32.9142 





-40. 1837 














| Options [ ] Show Grid Show Geometry | Show Antennas Save as... 





























The near field is computed in an horizontal mesh of points 
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e The array is located in the rigth of the front of the car (green point). 
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Three arrays are located in the front 
of the car (green points). 
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The scenario is composed by a street crossing in a realistic scenario composed AN 









by houses, pedestrians and urban elements. Three cars are involved. The coupling 
between antennas in the blue car and the gold car is simulated. 


Ray-tracing view of the coupling case. 3D view 





GTD Coupling - Frequency 
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The scenario is composed by a street crossing in a realistic scenario composed by 
houses, pedestrians and urban elements. Three cars are involved. Blue one is 
moving with a speed of 20 m/s, yellow one with a speed of 10 m/s. The car behind 
the house (gold color) is stopped. 
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HP820 
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16 physical cores: 
Few minutess 
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The gold colored car is carrying a FMCW radar located just on its front, indicated 
by an inverted red cone. This radar has a frequency sweeping of 200 MHz, with a 
period saw shape of period 0.01 seconds. The carrier frequency is 79 GHz. 
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View of the ray-tracing for the case. 











In the electromagnetic analysis most of the 
scene surfaces can be analyzed using 
Geometrical Theory of Diffraction (GTD) but a 
few ones need to be analyzed using Physical 
Optics (PO) . The figure shows the mesh 
considered for the analysis: red surfaces are 
treated using GTD and blue ones using PO. 
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e Simulated beat signal, frequency domain, 
received by a FMCW in the car 
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BUS PERPENDICULAR TO THE CAR RCS 
ANTENNA MAIN BEAM 
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BUS NOT PERPENDICULAR TO THE CAR RCS 
ANTENNA MAIN BEAM 
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ANALYIS OF SCATTERING FROM ROUGH SURFACES 
IN TRAFFIC SCENARIOS. CLUTTER AND TARGETS 
LEVELS SIMULATIONS 


GTD-PO RCS - Frequency 
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— 1, RCS VTotal (Step 1, Observation Source, t = 0.0) — 2. rcs_girado.txt 
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Conclusions 


e Several approaches have been presented to study radio 
systems in automobile applications: GTD/UTD, PO, 
MoM. 


+ GTD-PO is very efficient and can allows the 
computations of a complete traffic escenario at 6 GHz, 24 
GHz or 79 GHz. 


e MoM can be hybridized with GTD/UTD for obtaining 
very accurate results in the analysis of the interaction 
between the different elements of the traffic escenario 
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